In order to understand the stability and slipping behavior of the slope, in situ investigation and monitoring have been carried out at 12.3K of Nantou County 89 th County Road, Taiwan. The acquired potential sliding depth and range of moving area from the boring logs and inclinometer measurements match with the outcomes from electrical resistivity tomography. The other purpose of this study was to obtain the horizontal displacement field of the landslide at station 12.3K's landslide and its surrounding area using the particle image velocimetry (PIV) technique.
Introduction
In 2009, the moderate Typhoon Morakot invaded Taiwan and brought more than 2500mm of torrential rain in central and southern Taiwan. A precipitation of 3059.5mm was measured at the Alishan rainfall station, which is close to the average rainfall (3684mm) per year in Alishan. This astonishing rainfall exceeded the hundred year rainstorm magnitude. The infiltration of heavy rainfall made the factor of safety of slopes to decrease and caused landslides initiated from the upper and/or downward slopes. The landslides may then cause and trigger mudslides or debris flows which in turn may squeeze the main river channel and scour river banks and/or down slopes of the roads. Therefore, many landslides occurred during this typhoon in Nantou County in central Taiwan. The objective of this research is to perform site investigation and analyses to characterize the landslide area and to reveal potential sliding depth and range at 12.3K of the Nantou 89th
In order to analyze and observe the movement tendency of an existing landslide region, scholars developed and suggested numerous testing methods to detect slope movements and potential sliding zones. Methods of geophysical exploration, such as seismic surface wave method, ground penetration radar (GPR), and resistivity image profiling (RIP) method had been used to identify the thickness of different geological formations [1] [2] . In recent years, particle image velocimetry (PIV) method had been used to monitor and calculate the velocity and/or movement of fluid, streams, river ice velocity, civil structures, and ground (Refs [3] [4] [5] [6] ). Refs [7] [8] used the aerial photographs to conduct ortho processing, and applied the particle image velocimetry (PIV) method to observe the surface displacement of a large area [9] . The method and procedures suggested by Refs [7] [8] are also checked, modified, and adopted in this research. The present study adopts the RIP method and boreholes to characterize the in situ geological formations, and perform PIV analyses to discover the displacement fields and moving blocks during 2008 and 2012 at 12.3K. After the analysis of the PIV, the output of horizontal displacement field is placed into ArcGIS. The results are overlain with the orthophotos and compared with the collected data to check whether the results are reasonable. Finally, a contour map of displacement is drawn to explore the stability of the slope and trends of movement.
Overview of Study Area
Nantou County is at the center of Taiwan (Fig. 1) . The Nantou 89 th County Road, located in Renai Township, Nantou, Taiwan, is the main access road for the residents and the six tribes of Lishan area. It is also the alternative route of Taiwan Highway Number 14-A between Wushe and Lishan during the snow season. The slopes along the road could easily collapse or slide due to heavy rains entrained by a typhoon. The road is at northeastern part of Renai Township (Fig. 1 ).
Total length of the road is about 53.23 km, and its direction of from northeast to southwest (Fig.   1 ). The northern and southern ends of the road are connected to Taiwan Highway Number 8 and14-A, respectively, and the road width is about 3 to 6m. The road belongs to the local industrial roads, and some sections of the slope along the route are quite steep.
The geological condition within this region is very broken and fragile, and the mountain slopes along the road are in serious condition. In recent years, 89th County Road has been struck by the earthquake, typhoons, and flood disaster. The traffic is disrupted almost every time when it encountered heavy rain because of the disasters. The geological structures in this region are Meishi Fault and Wushe Syncline (Fig. 5 ) [6] . The strikes of the fault and syncline are similar to the direction of the 89th County Road. The 89th
Geological Condition
County Road is mainly located at the west side of the syncline axis and encounters the syncline at many places. Thus, many of the slopes along the road are anaclinal and orthoclinal slopes, which may be the main reason for the shallow slides and rock falls. Meishi Fault is a reverse fault and is located at the northwestern part of the road, and can be found at the downslope side of the road.
Geotechnical Site Investigation
Geotechnical site characterization is done by drilling four boreholes, BH-1, BH-3, BH-5 and BH-6, at 12.3 K at depths of 40, 60, 30, and 40 meters, respectively. BH-6 is situated at the slope above the road, and no borehole is able to be drilled in the collapsed slope which is below the road.
The locations of these boreholes are shown in Then, the software PIVview2C was used to conduct PIV analysis to obtain the displacement field of collapses at different periods. The results were input into ArcGIS and overlaid with the orthophotos [11] [12] . The areas which have a large displacement were transferred into a contour map. The result of each PIV analysis is used to compare with the aerial photos before and after the typhoon time period. The typhoons that struck Taiwan during this time period were analyzed in order to know which typhoon may have caused the sliding disaster. Thus, slope stability analyses of the area can be simulated and investigated using the same rainfall characteristics brought by the typhoon.
Orthophotos
Because of possible geometric distortion caused by various system errors and non-systematic errors, could be present in the original data of aerial photographs. The spatial information acquired from the uncorrected images is not reliable and is of limited use. Therefore, every point on the aerial photograph should be converted to its corresponding ground point to form a homologous coordinate system through the ground control points and aero-triangulation. This is the ortho process to form an orthophoto.
The 
Method of PIV Analysis
Particle image velocimetry (PIV) was a technology originally developed to observe hydrodynamic tests [15] . The basic principle of PIV is known as the measurement of particle displacement (Δx) within the fluid by the time interval (Δt). The method of PIV analysis is using two images for measuring a displacement vector. Firstly, the first image is divided into the grid of the test patch. Each test patch ( ) contains the characteristics inside the image matrix ( ), which the size is L× L pixels. To find the displacement of the test patch between the two images, the search patch should be drawn out. This search patch is shifted by the test patch with the amount of smax along the u and v directions, forming a block as the search range for the test windows [16] .
The cross-correlation between ( ) and ℎ ( + ) can be defined as:
Where, s is the separation vector of the correlation coefficient plane, 〈 〉 is the spatial averaging operator between the patches. Let cross-correlation conduct into normalizing calculation, cross-correlation coefficient will be obtained:
where,
The value is the average value of I, while the test patch at position s, and value ′ ( ) is the average value of ′ , while the test patch is at position s. It has to be computed for every position( , ).
Cross-correlation reaches a maximum peak while = . Therefore, the determination of the location of this maximum yields , thus ∆ .This location is commonly obtained through systematic exploration in the interrogation window by using Fast-Fourier Transform algorithms for computing cross-correlation. The value of s is determined with sub-pixel accuracy from correlation data interpolation, obtained through a fit of these data using some modeling functions.
PIV Parameters
The orthophotos of this study were orthorectified by Aerial Survey Office, Forestry Bureau of Taiwan. The scale is 1/5000 with the resolution of 0.25m/pixel. The root-mean-square error (RMSE) values are controlled at 1m or less. The PIV analysis is performed using PIVview2C, developed by PIVTEC GmbH in Ref [17] , and based on the procedures recommended by Ref [7] .
The PIV analysis parameters of this study were determined by the 1° rotation methodproposed by Ref [7] . This method uses a single image to do a 1° rotation, then, conduct the PIV analysis with the original image. Because the amount of movement of the center to periphery of the image is known, the PIV parameter can be determined by using different patch sizes to carry out the analysis.
The image resolution of the orthophoto in this study is 0.25m/pixel. From the viewpoint of irregular vectors generated and the details of features to be highlighted, the search patch was set as 96 × 96 pixels, test patch was set as 48 × 48 pixels to conduct the PIV analysis.
PIV Preliminary Analysis and Filtering Process
While conducting the PIV preliminary analysis, the standard fast Fourier transform (FFT) correlation method was used to compute the correlation coefficient.in the algorithm, and used multiple-pass integration to perform three iterative calculations [18] . This study used 3-point Gauss fitting method to fit the peak value of the correlation coefficient. The method is to select four points near the peak and use them in the 3-point Gaussian curve along the main axis.
Figures 13A and 13B show the displacement field and the correlation coefficient diagram generated after the PIV preliminary analysis for movement from 2009 to 2010, respectively. There are some regions that produced a large amount of displacement or irregular changes because of the vegetation and bare ground. Thus, a filtering process had to be executed. However, in the area such as roads, agricultural land and buildings, the correlation coefficient will be higher and lead to better results.
In order to remove possible erroneous values and replace them with the appropriate values, the filtering process had to be carried out. The maximum displacement difference filtering and minimum correlation coefficient filtering methods were chosen to perform the filtering process in this study. Fig. 14B shows that the large displacement or irregular vector is filtered out after the filtering process, and it is easier to detect the major moving places and trends.
Results of PIV Analysis
The filtering process was performed as the PIV preliminary analysis was completed. The erasure rate of the filtering process was 41.0, 31.4, and 69.1%, as shown in Table 1 
Conclusions
This study focuses on the collapsed area at 12.3K of Nantou 89th County Road in Nantou,
Taiwan. In-situ site investigation by drilling boreholes, inclination measurement, and resistivity image profiling (RIP) were performed out to reveal the boundary of the formations. 2. The moving directions of these four boreholes are all perpendicular to the road and toward downslope of the road, and this trend matches with the previous sliding situation.
3. The locus of the possible boundaries between three major formations was identified using resistivity image profiling (RIP) method.
4. Based on RIP measurement, the formations below ground surface are colluvium, weathered slate and intact slate. The thicknesses of colluvium and weathered slate are about 5 to 20m and 10 to 20m, respectively.
5. The depths of movement for BH-1 and BH-5 are all at the boundary of the colluvium and weathered slate, but the moving depth for BH-3 is at the boundary between the weathered slate and intact slate formations.
6. The PIV analysis can be used to obtain the surface displacement situations quickly. 
